Methods: ARM was induced with ethylenethiourea on the 10th gestational day in rat embryos. Cesarean deliveries were performed to harvest the embryos. The expression pattern of Wif1 protein and mRNA was evaluated in normal rat embryos (n=288) and ARM rat embryos (n=306) from GD13 to GD16 using immunohistochemical staining, Western blot, and real time RT-PCR.
Materials and methods

Animal model and tissue collection
Mature Wistar rats (body weights, 250-300g) were provided by the Medical Animal Center, Shengjing
Hospital of the China Medical University (Shenyang, PR China). Ethical approval was obtained from the China Medical University Animal Ethics (no. 200(7) PS14) prior to the study. Procedures for generating ARMs in fetal rats are described in earlier study (Bai et al. 2004 ). 70 time-mated pregnant Wistar rats were randomly divided into two groups: ETU-treated group and control group. In the ETU-treated group, 40 pregnant rats were gavage-fed a single dose of 125 mg/kg of 1% ETU (2-imidazolidinethione; Aldrich Chemical, Penzberg, Germany) on GD10 (GD0=sperm in vaginal smear after overnight mating). 30 control rats received corresponding doses of ETU-free saline on GD10. Embryos were harvested by cesarean delivery from GD13 to GD16. One third of the embryos were fixed in 4% paraformaldehyde for 12 to 24 hours depending on their size. Then the embryos from each age group were dehydrated, embedded in paraffin, and sectioned serially sagittally at 4-μm thickness for immunohistochemical staining. The presence of ARMs was determined by light microscope. Then, the embryos were divided into normal and ARM groups. Under magnification, the cloaca/hindgut of other specimens was dissected and removed from surrounding tissues. The cloaca/hindgut was immediately frozen in liquid nitrogen for Western blot analysis and real-time RT-PCR.
Immunohistochemical staining
The slides were treated and incubated with primary Anti-Wif1 (1:200 dilution, Rabbit polyclonal, abCam, UK) and horseradish peroxidase (HRP)-conjugated secondary antibody (Santa Cruz Bio-technology). Antibody incubations were performed in phosphate-buffered saline (PBS) supplemented with 10% goat serum.
Incubation with the secondary antibody was performed for 20min at room temperature, and signals were visualized by using 3 '3Pdiaminobenzidine (DAB; Sigma, UK). Two pathologists independently reviewed the on GD14 and GD15, but decreased after the anus was formed. However, in ARM embryos, the Wif1 expression level were significantly lower on GD14 and GD15, suggesting that Wif1 might play an essential role not only in the embryogenesis of the anorectum, but also the development of ARMs.
In this study, expression of Wif1 gene in the anorectum showed differences in spatial distribution between normal and ARM embryos. On GD15, Wif1-immunopositive cells were mainly detected on the very thin AM in normal embryos and sparsely located on the epithelium of the hindgut, fistula and the urethra in ARM embryos. On GD16, Wif1-immunolabeled cells were observed on the epithelium of the distal anorectum in normal embryos and faintly expressed on the epithelium of the rectum, fistula and the urethra in ARM embryos. Therefore, relative spatial imbalance exist between the normal and ARM embryos during embryogenesis of the anorectum. This results suggest that morphogenic events in the anorectum depend on Wif1 signal induction. Wif1 protein located in an unusual region might contribute to disturbances in proliferation or differentiation in local microenvironment, inducing further maldevelopment of the anorectum.
Wif1 expression shows time-dependent changes during anorectal development. Western blot analysis and real time RT-PCR shown that, in the normal embryos, Wif1 expression was at its highest level at the key timepoint of anorectal development (GD14 and GD15), suggesting that it may play an role in the development of the anorectum. However, Wif1 expression levels on GD14 and GD15 were significantly lower in the ARM group compared with the normal group, implying that downregulation of Wif1 expression may influence signal transduction from endoderm to mesoderm during the critical period of anorectal development, and affect the differentiation from endoderm to intestinal epithelium, thus contributing to the ARMs. Additionally, when the anus opened on GD16, the expression of Wif1 protein decreased. This suggest that Wif1 may play an essential role during initial morphogenesis of the anorectum, but its role during subsequent development of the anorectum may be less important. Wif1 protein relative expression level in the normal and ARM group.
